Introduction
Polypoidal choroidal vasculopathy (PCV) is a disorder characterized by multiple, recurrent, serosanguinous detachments of the retinal pigment epithelium and neurosensory retina secondary to leakage and bleeding from choroidal vascular lesions. Characteristic feature of the disease is polyp-like, terminal, aneurysmal dilations, with or without identifiable branching choroidal vascular network, that are best detected on indocyanine green angiography (ICGA) (1, 2) . Since fluorescein angiography findings of PCV can mimic those of occult choroidal neovascularization (CNV), visualization of abnormal polypoidal lesions with ICGA is required to differentiate PCV from CNV in neovascular age-related macular degeneration (nAMD) (3, 4) . Recent findings have shown that optical coherence tomography (OCT) imaging may also be utilized to diagnose PCV with very high sensitivity and specificity (>90%) (5) .
PCV has been considered a variant of nAMD due to similarities in phenotypic features, but they differ in natural course and treatment response (6) (7) (8) . Recent findings indicated that use of antivascular endothelial growth factor (anti-VEGF) agents resulted in improvement in vision of patients with PCV (9-12). In the Ranibizumab for Polypoidal Choroidal Vasculopathy (PEARL) study, visual acuity (VA) improved in 23% of PCV eyes with monthly ranibizumab injections for a year; however, this result was not as robust as the 33% and 40% seen in the Minimally Classic/ Occult Trial of the Anti-VEGF Antibody Ranibizumab in the Treatment of Neovascular AMD (MARINA) and Anti-VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovascularization in AMD (ANCHOR) trials, respectively (13) (14) (15) .
Although anti-VEGF agents have been shown to provide some benefit in reducing exudation in PCV eyes, they were found to be less effective than photodynamic therapy (PDT) in terms of decreasing abnormal choroidal vasculature and there were various visual outcomes (16, 17) . The Endovascular Valve Edge-to-Edge Repair Study (EVEREST), a randomized controlled trial, evaluated the results of standard PDT, intravitreal ranibizumab (IVR), or combination of the 2. EVEREST study demonstrated that all 3 groups showed VA gain, but rate of complete regression of polyps was higher in PDT combined with IVR and PDT groups than IVR monotherapy group (77.8% and 71.4% vs 28.6%) (18) .
Currently, main treatment decision for majority of PCV cases is based on whether to begin with antiangiogenic therapy or with PDT. Combining PDT with anti-VEGF agents can potentially create a synergistic effect that would help increase polyp regression rate, and reduce fluid leakage (19) . When recurrent or residual PCV lesions seen on ICGA are associated with exudative fluid revealed on OCT during anti-VEGF therapy, there is still a question whether or not to continue anti-VEGF therapy or switch to PDT.
The purpose of this study was to evaluate results of standard PDT combined with intravitreal bevacizumab (IVB) in patients with PCV considered refractory to IVR, as indicated by OCT.
Methods
We retrospectively reviewed medical records of consecutive patients with PCV considered non-responsive to previous IVR treatment who were treated with standard verteporfin PDT and IVB (Avastin; Genentech, South San Francisco, CA, USA) 1.25 mg combination therapy between February 2012 and January 2015.
All study conduct adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients before both intravitreal administrations and PDT.
Diagnosis of PCV was based on findings of lesions showing polyp-like, choroidal vessel dilatations with or without a branching vascular network (BVN) in middle and late phases of ICGA obtained using the Heidelberg Retina Angiograph (HRA-2; Heidelberg Engineering, Heidelberg, Germany).
Patients who had central serous chorioretinopathy, retinal vascular disease, any neovascular maculopathy, glaucoma, or history of intraocular surgery other than phacoemulsification, or who had follow-up of less than 6 months after PDT were excluded.
Initially, patients received 3 consecutive monthly ranibizumab injections and were then re-treated according to pro re nata treatment regimen: OCT evidence of intra-or subretinal fluid or new macular hemorrhage, or decrease in VA of more than 5 ETDRS letters.
Eyes without any reduction of subretinal and/or intraretinal fluid after ≥3 IVR injections were offered PDT and IVB combination therapy. According to the treatment policy of our national health insurance, additional IVR injections after PDT are outside the scope of payment. As a result of lack of reimbursement for IVR, we used IVB in the combination therapy instead of IVR. PDT with verteporfin (Visudyne; Novartis, Basel, Switzerland) (intravenous injection of verteporfin 6 mg/m2 and laser irradiation at 689 nm wavelengths, 600 mW/cm2 irradiance for 83 seconds) was administered within 1 week after IVB 1.25 mg/0.05 mL injection if there were no lesions near the optic disc and no evidence of high-pigment epithelial detachment. Linear diameter of polyps and surrounding abnormally dilated choroidal vessels was measured on ICGA. Laser spot size was then selected to cover entire lesion seen on ICGA by adding 1000 µm to greatest linear diameter.
All patients had monthly follow-up ophthalmic examination that included measurement of BCVA via ETDRS chart, slit-lamp biomicroscopy, measurement of intraocular pressure via Goldmann applanation tonometer, 90 diopter lens fundus examination, and OCT imaging (Spectralis; Heidelberg Engineering, Heidelberg, Germany). Repeat ICGA after PDT was performed if clinical examination suggested persistence or recurrence of polypoidal lesions. Demographic data, number of injections, and duration of follow-up were also recorded.
Retreatment decision after IVB and PDT combination therapy was based on the following findings: IVB was injected if persistent subretinal or intraretinal fluid or hemorrhage was observed 1 month after last injection, and PDT was administered in combination with IVB injection if polypoidal lesions were identified on repeat ICGA with any fluid present on OCT at least 3 months after previous PDT.
Primary outcomes of this study were mean change in VA and central macular thickness (CMT) between baseline and last visit. Secondary outcomes included regression rate of polyp/BVN during the study period.
We converted the decimal VA measured into logarithm of the minimal angle of resolution (logMAR) VA for analysis. CMT, defined as mean thickness of the neurosensory retina in a central 1 mm diameter area, was computed using OCT mapping software provided with the device.
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) version 20 software (SPSS, Chicago, IL, USA). Continuous variables were analyzed using Wilcoxon signed-rank test for paired data. All values of p are 2-sided with appropriate significance of p<0.05.
Results
Thirty-seven eyes of 37 patients were included in this study. Of the total, 25 (67.6%) of the patients were male, and 12 (32.4%) were female. Patient age ranged from 50 to 88 years, with mean of 67.7±8.8 years. Baseline characteristics of the patients are provided in Table 1 . Mean number of intravitreal injections was 6.1±4.3 (range: 3-21)/15.6±13.1 months before starting combination therapy compared with 2.7±2.6 (range: 1-11)/11.8±7.2 months after the combination therapy (p<0.001). Ten eyes (27%) received repeat PDT.
Mean±SD logMAR BCVA decreased from 0.69±0.42 (range: 0.1-1.3) at baseline to 0.61±0.41 (range: 0.1-1.3) at 6 months (p=0.95), but difference was not statistically significant. By 6 months, BCVA improved by ≥0.1 logMAR unit in 9 (24.3%) eyes, decreased by ≥0.1 logMAR unit in 11 (29.7%), and remained stable in 17 (45.9%) eyes.
The mean±SD CMT decreased from 352.2±93.6 µm (range: 139-573 µm) at baseline to 305.8±120.3 µm (range: 136-580 µm) at last visit (p=0.06), but difference was not statistically significant. Seventeen eyes (45.9%) had dry macula at 6 months. Treatment results can be seen in Table 2 .
Complete polyp regression was found in 25 eyes (67.5%). None of the patients developed new subretinal hemorrhage during the study period.
Discussion
The current study has shown that some visual and morphological recovery can be expected when PDT is combined with bevacizumab in eyes with PCV that had persistent activity despite previous anti-VEGF therapy.
Various studies have demonstrated that combined PDT and anti-VEGF treatment is more effective than anti-VEGF monotherapy, reporting improved vision, reduced incidence of subretinal hemorrhage, and reduced recurrence of polyps (12, 19, 20) Romano et al. demonstrated that PDT and IVB combined therapy was able to achieve morphological stabilization of lesions in PCV through rapid decrease in macular thickness and regression in size of polypoidal vascular lesion (21) . A comparative study conducted by Gomi et al. indicated that patients in combined therapy group had significantly better visual outcomes than IVB monotherapy group despite similar polyp resolution rates at 12 months (22). Lai et al. suggested that anti-VEGF agents are effective in reducing leakage and resolving subretinal or intraretinal fluid, but ineffective for polyp regression (12) . Results of various studies suggest that regression of polypoidal lesions may be attributed mainly to PDT alone. However, rapid resolution of fluids and improving VA may be primarily result of anti-VEGF therapy. Because the effect of anti-VEGF therapy on polypoidal lesions is limited, combined therapy may well be a treatment option when recurrent or persistent exudative change is seen after anti-VEGF treatments.
Unfortunately, effectiveness of combination therapy may decrease after previous unsuccessful therapy and possible development of resistance to the applied treatment. Tomita et al. demonstrated that PDT and IVR combination therapy provided greater VA gain in eyes that had no history of previous treatment (23) . Eyes that had unsuccessful anti-VEGF therapy before combination treatment showed some improvement in VA, but mean change was not statistically significant at 12 months. They also found substantial decrease in exudative changes. The authors concluded that PDT combined with anti-VEGF therapy led to significant visual recovery in treatment-naïve eyes with PCV, but not in eyes already treated with PCV.
In the present study, VA outcomes were less favorable than morphological outcomes indicated by OCT. In our study, combination treatment provided additional beneficial effect in limited number of eyes. Although direct comparisons between studies should not be made, it is perhaps noteworthy that in our study, baseline VA was poorer than that of Tomita's study (23) . In addition, other risk factors that have been reported such as larger lesion size, proximity to the fovea, persistence of exudation, and eventual atrophy or scar formation at the macula, may be responsible for poor VA outcomes. Due to retrospective design and non-uniform data records, we did not analyze the other factors above. We suggest that persistence of activity after previous anti-VEGF treatment and poor VA levels at baseline could be risk factor for VA outcomes after combination therapy. Cho et al. reported that 75% of eyes with PCV previously treated with anti-VEGF agents showed complete resolution of polypoidal lesions after starting combination therapy with PDT and IVR/IVB (8) . Despite stabilization of disease in most eyes, however, VA did not improve. The authors suggested that permanent photoreceptor damage from chronic edema resulted in lack of increase in VA. Polyp regression rate in present study was somewhat similar to that of the study by Cho et al. (67.5% vs 75%).
Outcomes from the EVEREST study indicated that combining PDT with IVR resulted in fewer re-treatments with IVR over 5 months compared with IVR monotherapy (18) . In the current study, compared with 15.6-month period before starting combination therapy, the need for anti-VEGF injections during the 11.8-month period after combination therapy was significantly reduced (6.1 vs 2.7 injections).
Limitations of current study were retrospective design and relatively small sample size, and that follow-up time varied among patients.
To date, limited information is available on combined therapy for PCV that is refractory to previous anti-VEGF therapy. Of the 37 eyes analyzed in this study, 26 (70.2%) had improved or demonstrated stable BCVA after the therapy. This was accompanied by an improvement in macular morphology as documented by OCT and ICGA. In conclusion, current study demonstrated beneficial short-term visual and morphological outcomes of PDT and IVB combination therapy for eyes with PCV that were nonresponding to previous IVR injections.
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